Abstract Lemon fruit faces lots of disease challenges when subjected to storage. Edible coatings are one of the most environment friendly technology that are used to minimize the moisture loss, oxidation processes or gases exchange, improve quality and shelf life of fruits. To study the influence of stevia leaves extract on post-harvest performance of lemons, a research study was carried out at Post-harvest Horticultural Laboratory, The University of Agriculture, Peshawar-Pakistan. Lemon fruits were subjected to different concentrations of stevia leaf extract (2, 4 and 6%) and then stored for different duration (0, 15, 30 and 45 days). The experimental results indicated that stevia leaf extract and storage duration significantly affected all quality attributes. The highest value of TSS, percent titratable acidity, ascorbic acid content with lowest value of fruit juice pH, TSS/Acid ratio and percent disease incidence were recorded in fruit subjected to 4% stevia extract. Similarly, lemon fruit stored for 45 days had highest value of TSS, TSS/Acid ratio, fruit juice pH, percent disease incidence and % weight loss. While maximum % acidity, ascorbic acid content was observed in freshly harvested fruit. It was concluded that lemon fruit subjected to stevia leaf extract (4%) sustained the biochemical attributes of lemon fruit during storage condition.
The present research was designed to determine the influence of appropriate stevia leaf extract for better fruit quality of lemon fruit during storage.
Materials and methods Experimental site and procedure
To investigate the effect of stevia extract and storage duration on quality shelf life of lemons, an experiment was carried out at Post-harvest Horticultural Laboratory, The University of Agriculture, Peshawar. The research was laid out in Completely Randomized Design (CRD) with two factors having three repetition. Freshly harvested uniformly sized lemon fruits were dipped in different stevia leaf extract solution (0,2,4 and 6%) for few minutes and then stored for different storage duration (0,15,30 and 45 days) at room temperature and relative humidity.
Preparation of Stevia leaf extract solution
Freshly harvested leaves were dried in oven for 24 hours. Then 100g of stevia dry leaves were taken and grinded it into electric grind mixer. Finally, the solution of different concentration 2%, 4%, 6% were prepared separately in 500ml of water.
Studied parameters
Total soluble solids ( 0 Brix) content in fruit juice was determined through hand refractometer. Titratable acidity was determined by using neutralization reaction as described in [20] . The total soluble solids/ acid ratio was measured by using the following formula: / = ( °Brix) (%) Fruit juice pH in each replications of all treatments was determined by using an electronic pH meter for the interval of 15 days. Prior to use the pH meter, its pH was adjusted to 7 by washing the tip of pH meter with tap water. Juice were extracted through a manual juicer from the randomly selected fruits and the juice were taken in a beaker for finding its pH. Ascorbic acid (mg/100g) was determined by using Dye method as described by [21] . Percent Disease incidence per treatments was calculated after 15 days of interval with the help of given formula.
From each treatment five fruits were randomly taken to test its weight loss. Initial weight of fruits was recorded by using digital balance (Ohaus scale corp, USA) as used by [22] for root weight of guava air-layers.
Average weight loss of fruits was recorded in all treatments for an interval of 15 days. Fruit weight loss was determined by using the given formula. (Table  1) . Fruits treated with 4% stevia extract showed maximum TSS content (7.65°brix) followed by (7.57°Brix) fruit treated with 6% stevia extract. Whereas, minimum TSS content (7.55°Brix) was noted in fruits treated with 2% stevia extract that was statistically at par with TSS (7.55°Brix) in untreated fruits respectively. Similarly maximum TSS content (9.34°Brix) was noted for storage duration of 45 days interval followed by (8.06°Brix) and (6.86°Brix) noticed in fruits stored for 30 and 15 days respectively. However, minimum TSS content (6.05°Brix) was found in freshly harvested fruit. Regarding interaction, maximum TSS content (9.45°Brix) was observed in untreated fruits stored for 45 days of interval and minimum TSS content (6.02°Brix) was observed in untreated freshly harvested fruits ( Figure 1 ). This might be due to higher respirational of the fruits with no protective layer to control the gaseous diffusion in and out of fruits. [24] found that increase in TSS and sugar contents during storage of produce might be due to hydrolysis of the insoluble complex carbohydrates into simple sugar. The increment in total soluble solids of fruits might be due to high rate of respiration and metabolic activity which enhance the breakdown of protopectin to pectic substance, disaccharides to monosaccharides and sucrose to fructose and glucose [25] . The higher respiration rate increases the synthesis and use of metabolites result in higher TSS due to the more conversion of carbohydrates to sugars. The degradation of pectin, hemicelluloses and cellulose in cell wall within the segment release some soluble constituent which have a direct effect on total soluble solids [26] . Where these changes could be expected more gradual and slower if the metabolic activities are slow down by applying phyto-coatings [27] . [28] studied that highest mean TSS contents among all treatments were recorded in response to fruits treated with 4% stevia extract whereas, they were lowest in control fruits. Means value followed by dissimilar letters differ significantly at 5% level of significance
Data analysis

Percent titratable acidity
It is obvious from ( Table 1) that stevia leaf extract, storage duration and their interaction significantly affected percent titratable acidity of lemon fruit. Fruits treated with 4% stevia extract showed maximum percent titratable acidity (4.10%) followed by titratable acidity (4.02%) and (3.61%) in fruits treated with 2% and 6% stevia leaf extract respectively. Whereas, minimum (3.43%) titratable acidity was noted in untreated fruit. Data pertaining to storage durations, maximum titratable acidity (4.63%) was observed in freshly harvested fruit followed by fruits stored for 15 and 30 days (3.93%) and (3.44%) respectively. However, the minimum titratable acidity (3.17%) was noted in fruit stored for 45 days. Concerning interaction, maximum percent titratable acidity (4.77%) was observed in freshly harvested fruits treated with 4% stevia extract. Whereas minimum percent titratable acidity (2.58%) was noted in untreated fruits that were stored for 45 days (Figure 2 (Table 1) . Fruits treated with 4% stevia extract had the maximum value of fruit juice pH (3.27) followed by (3.26) and (3.30) fruits treated with 0% and 2% stevia extract respectively. However, the minimum pH of fruit juice (3.25) was noted in the fruits treated with 6% stevia extract. Similarly, the maximum fruit juice pH (3.52) was observed in fruit stored for 45 days followed by fruit juice pH (3.32) and (3.20) recorded in stored fruits at 30 and 15 days of interval. Whereas, minimum fruit juice pH (3.04) was found in freshly harvested fruit. Regarding interaction, maximum value of fruit juice pH (3.63) was observed in all untreated fruits which were kept for 45 days of interval. However, the minimum fruit juice pH (3.02) was noted in treated fruits of 2% stevia extract (Figure 4) . It was observed that fruit juice pH decreased with the increase in concentration which may be due to the fermentation of sugar but increase with the increase in storage duration. The change in fruit juice pH may be due to the reason pectin breakdown to pectenic acid. The determination of fruit juice pH is done by evaluating the hydrogen ion concentration in the fruits. The given results showed a decline in the value of lemon fruits affected by stevia concentrations and storage duration. During storage catabolic processes increases due to high rate of respiration that cause breakdown of organic acids and thus results high pH [37] . Similar decline in fruit juice pH for apple pulp also was reported by [31] . Ascorbic acid content (mg/100g) The ascorbic acid content was significantly influenced by stevia leaf extract, storage duration and their interaction (Table 1) . Fruits treated with 4% stevia extract had the maximum ascorbic acid content (14.2mg/100g) followed by ascorbic acid content (13.8, 13.2mg/100g) observed in fruit treated with 2% and 6% stevia extract respectively. The lowest ascorbic acid content (11.8mg/100g) was noted in treated fruit of 0% stevia extract. In case of storage duration, maximum ascorbic acid content (20.68mg/100g) was recorded in fresh fruit followed by ascorbic acid (13.79, 10.45mg/100g) noticed in the lemon fruits stored for 45 days of interval. While minimum ascorbic acid content (8.16 mg/100g) was found in fruit stored for 45 days. Data pertaining interaction showed that maximum ascorbic acid content (20.49mg/100g) was noted in freshly harvested fruit treated with 2% stevia extract. However, lowest ascorbic acid content (5.97mg/100g) was observed in untreated lemon fruits that were stored for 45 days ( Figure 5 ). It was observed that with the increasing concentration of stevia extract as a single treatment the level of ascorbic acid content was also increased. By the extension of storage period the vitamin C content decreases progressively [35, 38] . Fruits coated with Stevia extract coating maintained maximum ascorbic acid. The higher ascorbic acid content might be due to high metabolic activities. Similarly, [39] also observed that reduction in respiration rate was contributed by pure castor and coconut oil coatings, resulted in dissoluteness of acids to dehydroascorbic acid when stored for interval. During storage decline in Vitamin C occur above 0 o C temperature [40] . Decrease in ascorbic acid content may also be due to antioxidants activity loss during pot-harvest storage [41] . Ascorbic acid decreased in fruits by increasing storage duration. Present research findings are in accordance with those of [42] who reported that ascorbic acid of sweet orange decreased with extending storage duration. Percent disease incidence Citrus fruit are highly perishable and have high disease incidence. The analysis of data indicated that percent disease incidence was significantly affected by stevia leaf extract, storage duration and their interaction (Table  1) . Maximum value of percent disease incidence (19.4%) was observed in freshly harvested fruit followed by percent disease incidence (8.3%) noted in fruits treated with 6 and 4%, of stevia leaf extract, while minimum value of percent disease incidence was recorded in (2.8%) at 2% stevia leaf extract. In case of storage duration, highest percent disease incidence (24.98%) was recorded in stored fruits for 45 days followed by percent disease incidence (8.33%) observed in lemon fruit stored for 30 days. While minimum disease incidence (0.00%) was recorded in fruit stored for 15 days of storage duration. Regarding interaction, maximum percent of disease incidence (44.4%) was noted in fruits which were untreated and kept for 45 days of interval. While minimum percent disease incidence (0.00%) was also observed in fruits treated with all concentrations and were stored for 15, 30 days and also in freshly harvested fruits ( Figure 6 ). The increment in percent disease incidence during storage period could be due to high respiration rate, more skin permeability for water loss, fruit senescence, enzymatic degradation of fruits cell wall and high susceptibility to decay [43] . The highest percent disease incidence might be due to accumulation of moisture around the fruit that provide favorable environments for microbial growth and thus aggravate spoilage [44] . The higher spoilage with fruit harvested at more mature stages might due to the more enzymatic activities and disintegration of cell wall [45] . As level of stevia extract and storage duration were increased, the percentage of weight loss and decay, were decreased because stevia extract along with 30 days storage there were little bit signs of disease or decay [46] . [47] reported that percent disease incidence of fruit increased with increasing storage duration Percent weight loss Statistical analysis of data revealed that percent weight loss was significantly affected by stevia leaf extract, storage duration and their interaction (Table 1) . Fruits treated with 6% stevia extract showed maximum percent weight loss (24.1%) followed by (23.9%) and (22.7%) in lemon fruits treated with 0% and 2% stevia extract. Whereas, the minimum percent weight loss (21.17%) was observed in fruits applied with 4% of stevia extract. This may be because a waxy layer is created on the fruits due to stevia extract, which may cover the pores to prevent evapotranspiration.
Regarding storage duration, the maximum weight loss in fruits was noted in fruits stored for 30 and 15 days. Whereas, the minimum fruit weight loss (0%) was observed in fruits harvested freshly. However, interaction of stevia leaf extract and storage duration showed that maximum weight loss (45.8%) was observed in fruit that were untreated and kept for 45 days of storage duration (Figure 7 ). Coating treatments with stevia extracts caused significant reduction in weight loss and the most effective treatments in this regard was 4% stevia extract. 
Conclusion
It can be concluded that the most effective treatments in maintaining quality attributes like TSS, acidity, fruit juice pH, ascorbic acid content in lemons when treated with 4% stevia extract. Fruits treated with 4% extract were also effective in decrease in weight loss of fruits and also controlling disease incidence. Regarding storage intervals, quality attributes of lemon sustained for 30 days interval but a gradual decline was observed after 30 days. On the basis of results, it could be recommended that coating of lemons with 4% stevia extract sustained quality attributes of lemon fruit for about 30 days at room temperature and relative humidity. 
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